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(54) SEMICONDUCTOR MEMORY DEVICE
(57)  According to one embodiment, a semiconductor
memory device includes: a first memory cell array; a sec-
ond memory cell array arranged above the first memory
cell array; a third memory cell array arranged adjacent
to the first memory cell array; a fourth memory cell array
arranged above the third memory cell array and arranged
adjacent to the second memory cell array; a first word
line coupled to the first memory cell array and the second
memory cell array; a second word line coupled to the
third memory cell array and the fourth memory cell array;
a first bit line coupled to the first memory cell array and
the fourth memory cell array; and a second bit line cou-
pled to the second memory cell array and the third mem-
ory cell array.

1

V/ 20

I~ 21
- Sequencer
Voltage |~ 22
generation
cirguit
24a 24b
A 2N S§ Y
Sense amplifier I | Sense amplifier
BLa BLb
101 111 113
L d ¢ - v
Memory cell array Memory cell array
SGDa SUO0_1 SUOVS1 SGDb
Wha 1| [ """ "% SUTA|| || {0 7 sui3] | Wb
sasa, | [PHstz gl | || | 1P suzs| | sase
il Sus_1 sus3| [r
BLK11 | [ Bki3z |
£ : : 5
2 8
2 1 S
< oo N
3 X X S
o« Memory cell array Memory cell array &=
_______ SU0 2 [ ___suos '
SuU1.2 Sut 4
L [P0zl || [PRO4sul |l |
i SU3.2 SuU3 4
N[ Bz ] [ Bkia |
_LF - == ==
23a 10.2 112 114 23b

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 181 127 A1 2

Description
FIELD
[0001] Embodiments described hereinrelate generally

to a semiconductor memory device.
BACKGROUND

[0002] A NAND-type flash memory is known as a sem-
iconductor memory device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003]

FIG. 1 is a block diagram illustrating the overall con-
figuration of a semiconductor memory device ac-
cording to a first embodiment;

FIG. 2 is a circuit diagram of memory cell arrays in-
cluded in the semiconductor memory device accord-
ing to the first embodiment;

FIG. 3 is a cross-sectional view illustrating an ar-
rangement of a circuit chip 20, and array chips 10_1
and 10_2 included in the semiconductor memory de-
vice according to the first embodiment;

FIG. 4 is a perspective view illustrating an arrange-
ment of memory cell arrays 11_1 to 11_4 and the
circuitchip 20 included in the semiconductor memory
device according to the first embodiment;

FIG. 5 is a plan view of the memory cell array 11_2
included in the semiconductor memory device ac-
cording to the first embodiment;

FIG. 6 is a plan view of the memory cell array 11_1
included in the semiconductor memory device ac-
cording to the first embodiment;

FIG. 7 is a cross-sectional view taken along line A1-
A2 in FIGS. 5 and 6;

FIG. 8 is a cross-sectional view taken along line B1-
B2in FIGS. 5 and 6;

FIG. 9 is a cross-sectional view taken along line C1-
C2in FIGS. 5 and 6;

FIG. 10 is a cross-sectional view taken along line
D1-D2 in FIGS. 5 and 6;

FIG. 11 is a plan view of a BL coupling portion of an
array chip 10_2 included in the semiconductor mem-
ory device according to the first embodiment;

FIG. 12 is a cross-sectional view taken along line
E1-E2in FIG. 11;

FIG. 13 is a conceptual diagram illustrating a case
where cell units CU of an array unit AUa are selected
in the semiconductor memory device according to
the first embodiment;

FIG. 14 is a conceptual diagram illustrating a case
where cell units CU of an array unit AUb are selected
in the semiconductor memory device according to
the first embodiment;

FIG. 15 is a diagram illustrating a write order of one

10

15

20

25

30

35

40

45

50

55

block BLK of each memory cell array 11 in the sem-
iconductor memory device according to the first em-
bodiment;

FIG. 16 is a perspective view illustrating an arrange-
mentof memory cellarrays 11_1to 11_4 and a circuit
chip 20 included in a semiconductor memory device
according to a second embodiment;

FIG. 17 is a plan view of the memory cell array 11_2
included in the semiconductor memory device ac-
cording to the second embodiment; and

FIG. 18 is a plan view of the memory cell array 11_1
included in the semiconductor memory device ac-
cording to the second embodiment.

DETAILED DESCRIPTION

[0004] In general, according to one embodiment, a
semiconductor memory device includes: a first memory
cell array; a second memory cell array arranged above
the first memory cell array in a first direction; a third mem-
ory cell array arranged adjacent to the first memory cell
array in a second direction intersecting with the first di-
rection; a fourth memory cell array arranged above the
third memory cell array in the first direction and arranged
adjacent to the second memory cell array in the second
direction; a first word line coupled to the first memory cell
array and the second memory cell array; a second word
line coupled to the third memory cell array and the fourth
memory cell array; a first bitline coupled to the first mem-
ory cell array and the fourth memory cell array; and a
second bit line coupled to the second memory cell array
and the third memory cell array.

[0005] Hereinafter, embodiments will be described
with reference to the drawings. Note that, in the following
description, constituent elements having substantially
the same functions and configurations are denoted by
the same reference numerals. Repetitive description
may be omitted if not needed. In addition, each embod-
iment described below illustrates a device and a method
for embodying a technical idea of the embodiment. The
technical idea of the embodiment does not specify the
material, shape, structure, arrangement, and the like of
components described below. Various modifications can
be made to the technical idea of the embodiment without
departing from the gist of the invention. Such embodi-
ments and modifications of the embodiments are includ-
ed in the invention described in claims and the equivalent
scope thereof.

1. First embodiment

[0006] A semiconductor memory device according to
a first embodiment will be described.

1.1 Overall configuration of semiconductor memory de-
vice

[0007] First, an example of the overall configuration of
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a semiconductor memory device 1 will be described with
reference to FIG. 1. FIG. 1 is a block diagram illustrating
the overall configuration of the semiconductor memory
device 1. Note that some of couplings between respec-
tive constituent elements are indicated by arrow lines in
FIG. 1. However, couplings between the constituent el-
ements are not limited thereto.

[0008] The semiconductor memory device 1 is, for ex-
ample, a three-dimensional (3D) stacked NAND-type
flash memory. The 3D stacked NAND-type flash memory
includes a plurality of non-volatile memory cell transistors
three-dimensionally arranged on a semiconductor sub-
strate.

[0009] AsillustratedinFIG. 1, the semiconductor mem-
ory device 1 includes a plurality of array chips 10 and a
circuit chip 20. The array chip 10 is a chip provided with
arrays of non-volatile memory cell transistors. The circuit
chip 20 is a chip provided with circuits that controls the
array chips 10. The semiconductor memory device 1 ac-
cording to the present embodiment is formed by bonding
the plurality of array chips 10 and the circuit chip 20.
Hereinafter, unless the chip is limited to the array chip
10 or the circuit chip 20, it is simply referred to as a "chip".
[0010] In the example of FIG. 1, the semiconductor
memory device 1 includes two array chips 10_1 and
10_2. Note that the number of array chips 10 may be
three or more. Hereinafter, unless the array chip is limited
to the array chip 10_1 or 10_2, it is referred to as the
array chip 10.

[0011] Each array chip 10 includes a plurality of mem-
ory cell arrays 11. The memory cell array 11 is a region
in which non-volatile memory cell transistors are three-
dimensionally arranged. In the example of FIG. 1, the
array chip 10_1 includes memory cell arrays 11_1 and
11_3. The array chip 10_2 includes memory cell arrays
11_2and 11_4. Note that each array chip 10 may include
three or more memory cell arrays 11. Hereinafter, unless
the memory cell array is limited to the memory cell array
11_1,11_2,11_3,0r 11_4, itisreferred to as the memory
cell array 11.

[0012] The circuit chip 20 includes a sequencer 21, a
voltage generator 22, a plurality of row decoders 23, and
a plurality of sense amplifiers 24. In the example of FIG.
1, the semiconductor memory device 1 includes two row
decoders 23a and 23b, and two sense amplifiers 24a and
24b. Hereinafter, unless the row decoder is limited to the
row decoder 23a or 23b, it is referred to as the row de-
coder 23. Unless the sense amplifier is limited to the
sense amplifier 24a or 24b, it is referred to as the sense
amplifier 24.

[0013] Thesequencer21is a circuit that performs con-
trol of the semiconductor memory device 1. The sequenc-
er 21 is coupled to the voltage generator 22, the row
decoders 23a and 23b, and the sense amplifiers 24a and
24b. The sequencer 21 controls the voltage generator
22, the row decoders 23a and 23b, and the sense am-
plifiers 24a and 24b. In addition, the sequencer 21 con-
trols the overall operation of the semiconductor memory
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device 1 in accordance with the control of an external
controller. More specifically, the sequencer 21 executes
a write operation, a read operation, an erase operation,
and the like.

[0014] The voltage generator 22 is a circuit that gen-
erates voltages used for the write operation, the read
operation, the erase operation, and the like. The voltage
generator 22 is coupled to the row decoders 23a and
23b, the sense amplifiers 24a and 24b, and the like. The
voltage generator 22 supplies voltages to the row decod-
ers 23a and 23b, the sense amplifiers 24a and 24b, and
the like.

[0015] The row decoder 23 is a circuit that performs
decoding of row addresses. The row address is an ad-
dress signal that designates interconnects of the memory
cell array 11 in a row direction. The address signal is
included in a write instruction, a read instruction, an erase
instruction, and the like received from the external con-
troller. The row decoder 23 supplies the voltages applied
from the voltage generator 22 to the memory cell arrays
11 based on the decoding result of the row address. In
the presentembodiment, one row decoder 23 is provided
for two memory cell arrays 11.

[0016] Forexample, the row decoder 23a is commonly
coupled to the memory cell arrays 11_1and 11_2 via a
plurality of word lines WLa, and a plurality of selection
gate lines SGDa and SGSa. Similarly, the row decoder
23b is commonly coupled to the memory cell arrays 11_3
and 11_4 via a plurality of word lines WLb, and a plurality
of selection gate lines SGDb and SGSb. The word lines
WLa and WLb are interconnects used for controlling the
memory cell transistors. The selection gate lines SGDa,
SGDb, SGSa, and SGSb are interconnects used for se-
lecting string units SU.

[0017] More specifically, the memory cell array 11_1
and the memory cell array 11_2 share the word lines
WLa, and the selection gate lines SGDa and SGSa. That
is, the word lines WLa of the memory cell array 11_1 and
the word lines WLa of the memory cell array 11_2 are
commonly coupled to the row decoder 23a. Similarly, the
selection gate lines SGDa of the memory cell array 11_1
and the selection gate lines SGDa of the memory cell
array 11_2 are commonly coupled to the row decoder
23a. In addition, the selection gate lines SGSa of the
memory cell array 11_1 and the selection gate lines SG-
Sa of the memory cell array 11_2 are commonly coupled
to the row decoder 23a.

[0018] Similarly, the memory cell array 11_3 and the
memory cell array 11_4 share the word lines WLb, and
the selection gate lines SGDb and SGSb. That is, the
word lines WLb of the memory cell array 11_3 and the
word lines WLb of the memory cell array 11_4 are com-
monly coupled to the row decoder 23b. Similarly, the se-
lection gate lines SGDb of the memory cell array 11_3
and the selection gate lines SGDb of the memory cell
array 11_4 are commonly coupled to the row decoder
23b. In addition, the selection gate lines SGSb of the
memory cell array 11_3 and the selection gate lines
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SGSb of the memory cell array 11_4 are commonly cou-
pled to the row decoder 23b.

[0019] The sense amplifier 24 is a circuit that performs
writing and reading of data. The sense amplifier 24 sens-
es data read from the corresponding memory cell arrays
11 during the read operation. In addition, the sense am-
plifier 24 supplies voltages corresponding to write data
to the memory cell arrays 11 during the write operation.
In the present embodiment, one sense amplifier 24 is
provided for two memory cell arrays 11.

[0020] The sense amplifier 24a is commonly coupled
to the memory cell arrays 11_1 and 11_4 via a plurality
of bitlines BLa. Similarly, the sense amplifier 24b is com-
monly coupled to the memory cell arrays 11_2and 11_3
via a plurality of bit lines BLb.

[0021] More specifically, the memory cell array 11_1
and the memory cell array 11_4 share the bit lines BLa.
That is, the bit lines BLa of the memory cell array 11_1
and the bit lines BLa of the memory cell array 11_4 are
commonly coupled to the sense amplifier 24a. Similarly,
the memory cell array 11_2 and the memory cell array
11_3 share the bit lines BLb. That is, the bit lines BLb of
the memory cell array 11_2 and the bit lines BLb of the
memory cell array 11_3 are commonly coupled to the
sense amplifier 24b.

[0022] Next, the internal configuration of the memory
cell array 11 will be described. The memory cell array 11
includes a plurality of blocks BLK. The block BLK is, for
example, a set of a plurality of memory cell transistors
from which data is collectively erased. The plurality of
memory cell transistors in the block BLK are associated
with rows and columns. In the example of FIG. 1, the
memory cellarray 11_1includesaBLKO_1,aBLK1_1,....
The memory cell array 11_2 includes a BLKO_2, a
BLK1_2,.... The memory cell array 11_3 includes a
BLKO_3, a BLK1_3,.... The memory cell array 11_4 in-
cludes a BLKO 4, a BLK1_4,.... Hereinafter, unless the
block is limited to which block of which memory cell array
11 it is, it is referred to as the block BLK.

[0023] Theblock BLK includes a plurality of string units
SU. The string unit SU is, for example, a set of a plurality
of NAND strings that are collectively selected in the write
operation or the read operation. The NAND string in-
cludes a set of a plurality of memory cell transistors that
are coupled in series. In the example of FIG. 1, each
block BLK includes four string units SUO to SU3. More
specifically, for example, the block BLKO_1 includes four
string units SUO_1, SU1_1, SU2_1, and SU3_1. The
block BLKO_2 includes four string units SUO_2, SU1_2,
SU2 2, and SU3 2. The block BLKO_3 includes four
string units SUO0_3, SU1_3, SU2_3, and SU3_3. The
block BLKO_4 includes four string units SUO_4, SU1_4,
SU2_4, and SU3_4. Hereinafter, unless the string unit is
limited to which string unit of which memory cell array 11
it is, it is referred to as the string unit SU.

[0024] Note thatthe number of blocks BLK inthe mem-
ory cell array 11 and the number of string units SU in the
block BLK are freely set. The circuit configuration of the
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memory cell array 11 will be described later.
1.2 Circuit configuration of memory cell array

[0025] Next, an example of the circuit configuration of
the memory cell arrays 11_1 to 11_4 will be described
with reference to FIG. 2. FIG. 2 is a circuit diagram of the
memory cell arrays 11_1to 11_4.

[0026] As illustrated in FIG. 2, the string unit SU in-
cludes a plurality of NAND strings NS.

[0027] The NAND string NS includes a plurality of
memory cell transistors MC, and selection transistors
ST1 and ST2. In the example of FIG. 2, the NAND string
NS includes five memory cell transistors MCO to MC4.
Note that the number of memory cell transistors MC is
freely set.

[0028] The memory cell transistor MC stores data in a
non-volatile manner. The memory cell transistor MC in-
cludes a control gate and a charge storage layer. The
memory cell transistor MC may be of a metal-oxide-ni-
tride-oxide-silicon (MONOS) type, or of a floating gate
(FG) type. Inthe MONOS type, aninsulating layeris used
as the charge storage layer. In the FG type, a conductive
layer is used as the charge storage layer. Hereinafter, a
case will be described where the memory cell transistor
MC is of the MONOS type.

[0029] The selection transistors ST1and ST2 are used
for selecting the string units SU during various opera-
tions. The number of selection transistors ST1 and ST2
are freely set. It is sufficient that one or more selection
transistors ST1 and one or more selection transistors
ST2 are included in the NAND string NS.

[0030] In each NAND string NS, current paths of the
memory cell transistors MC, and current paths of the se-
lection transistors ST1 and ST2 are coupled in series. In
the example of FIG. 2, the selection transistor ST2, the
memory cell transistors MCO, MC1, MC2, MC3, and
MC4, and the selection transistor ST1 are arranged in
this order from the lower side toward the upper side in
the drawing. The current paths are coupled in series. In
other words, the selection transistor ST2, the memory
cell transistors MC0, MC1, MC2, MC3, and MC4, and
the selection transistor ST1 are coupled in this order from
a source line SL to bit lines BL. A drain of the selection
transistor ST1 is coupled to any of the bit lines BL. A
source of the selection transistor ST2 is coupled to the
source line SL.

[0031] In the string unit SU, drains of a plurality of se-
lection transistors ST1 are coupled to different bit lines
BL. In the example of FIG. 2, in the string unit SU, drains
ofthe selection transistors ST10ofn+ 1 (nbeinganinteger
of 0 or more) NAND strings NS are coupled to the re-
spective n + 1 bit lines BL. In each string unit SU of two
memory cell arrays 11, a drain of one selection transistor
ST1 is commonly coupled to one bit line BL. That is, the
two memory cell arrays 11 share the bit lines BL.
[0032] More specifically, n + 1 selection transistors
ST1 of each string unit SU of the memory cell array 11_1
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and n + 1 selection transistors ST1 of each string unit SU
of the memory cell array 11_4 are commonly coupled to
the respective n + 1 bitlines BLaO to BLa(n). Forexample,
a drain of one selection transistor ST1 of each of the
string units SUO_1 to SU3_1 and a drain of one selection
transistor ST1 of each of the string units SUO_4 to SU3_4
are commonly coupled to the bit line BLa0. Similarly, n
+ 1 selection transistors ST1 of each string unit SU of the
memory cell array 11_2 and n + 1 selection transistors
ST1 of each string unit SU of the memory cell array 11_3
are commonly coupled to the respective n + 1 bit lines
BLbO to BLb(n).

[0033] Control gates of a plurality of memory cell tran-
sistors MCO to MC4 included in one block BLK of the
memory cell array 11_1 and control gates of a plurality
of memory cell transistors MCO to MC4 included in one
block BLK of the memory cell array 11_2 are commonly
coupled to word lines WLaO0 to WLa4, respectively. More
specifically, the blocks BLKO_1 and BLKO_2 include a
plurality of memory cell transistors MCO. The control
gates of the plurality of memory cell transistors MCO are
commonly coupled to one word line WLa0. Similarly, oth-
er memory cell transistors MC1 to MC4 are commonly
coupled to the word lines WLa1 to WLa4, respectively.
That is, the block BLKO_1 and the block BLKO 2 share
the word lines WL. The same applies to other blocks BLK
of the memory cell arrays 11_1 and 11_2.

[0034] Similarly, control gates of a plurality of memory
cell transistors MCO to MC4 included in one block BLK
of the memory cell array 11_3 and control gates of a
plurality of memory cell transistors MCO to MC4 included
in one block BLK of the memory cell array 11_4 are com-
monly coupled to word lines WLb0 to WLb4, respectively.
More specifically, the blocks BLKO_3 and BLKO_4 in-
clude a plurality of memory cell transistors MCO. The con-
trol gates of the plurality of memory cell transistors MCO
are commonly coupled to one word line WLbO. Similarly,
other memory cell transistors MC1 to MC4 are commonly
coupled to the word lines WLb1 to WLb4, respectively.
That is, the block BLKO_3 and the block BLKO 4 share
the word lines WL. The same applies to other blocks BLK
of the memory cell arrays 11_3 and 11_4.

[0035] Gates of a plurality of selection transistors ST1
included in one string unit SU of one block BLK of the
memory cell array 11_1 and gates of a plurality of selec-
tion transistors ST1 included in one string unit SU of one
block BLK of the memory cell array 11_2 are commonly
coupled to a selection gate line SGDa. For example, the
string unit SUO_1 of the block BLKO_1 and the string unit
SUO_2 ofthe block BLKO_2include a plurality of selection
transistors ST1. The gates of the plurality of selection
transistors ST1 are commonly coupled to one selection
gate line SGDa0. That is, the string unit SUO_1 of the
block BLKO_1 and the string unit SUO_2 of the block
BLKO_2 share the selection gate line SGDa0. Similarly,
a plurality of selection transistors ST1 of the string unit
SU1_1 of the block BLKO_1 and a plurality of selection
transistors ST1 of the string unit SU1_2 of the block
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BLKO_2 are commonly coupled to a selection gate line
SGDa1. A plurality of selection transistors ST1 of the
string unit SU2_1 of the block BLKO_1 and a plurality of
selection transistors ST1 of the string unit SU2_2 of the
block BLKO_2 are commonly coupled to a selection gate
line SGDa2. A plurality of selection transistors ST1 of the
string unit SU3_1 of the block BLKO_1 and a plurality of
selection transistors ST1 of the string unit SU3_2 of the
block BLKO_2 are commonly coupled to a selection gate
line SGDa3. The same applies to other blocks BLK of
the memory cell arrays 11_1 and 11_2.

[0036] In addition, gates of a plurality of selection tran-
sistors ST1 included in one string unit SU of one block
BLK of the memory cell array 11_3 and gates of a plurality
of selection transistors ST1 included in one string unit
SU of one block BLK of the memory cell array 11_4 are
commonly coupled to a selection gate line SGDb. For
example, a plurality of selection transistors ST1 of the
string unit SUO_3 of the block BLKO_3 and a plurality of
selection transistors ST1 of the string unit SUO_4 of the
block BLKO_4 are commonly coupled to a selection gate
line SGDbO. Similarly, a plurality of selection transistors
ST1 of the string unit SU1_3 of the block BLKO_3 and a
plurality of selection transistors ST1 of the string unit
SU1_4 of the block BLKO_4 are commonly coupled to a
selection gate line SGDb1. A plurality of selection tran-
sistors ST1 of the string unit SU2_3 of the block BLKO_3
and a plurality of selection transistors ST1 of the string
unit SU2_4 of the block BLKO_4 are commonly coupled
to a selection gate line SGDb2. A plurality of selection
transistors ST1 of the string unit SU3_3 of the block
BLKO_3 and a plurality of selection transistors ST1 of the
string unit SU3_4 of the block BLKO_4 are commonly
coupled to a selection gate line SGDb3. The same ap-
plies to other blocks BLK of the memory cell arrays 11_3
and 11_4.

[0037] Gates of a plurality of selection transistors ST2
included in one block BLK of the memory cell array 11_1
and gates of a plurality of selection transistors ST2 in-
cluded in one block BLK of the memory cell array 11_2
are commonly coupled to one selection gate line SGSa.
More specifically, for example, the blocks BLKO_1 and
BLKO_2 include a plurality of selection transistors ST2.
The gates of the plurality of selection transistors ST2 are
commonly coupled to one selection gate line SGSa. That
is, the blocks BLKO_1 and BLKO_2 share the selection
gate line SGSa. The same applies to other blocks BLK
of the memory cell arrays 11_1 and 11_2. Note that the
memory cell arrays 11_1 and 11_2 may share different
selection gate lines SGSa for each string unit SU.
[0038] In addition, gates of a plurality of selection tran-
sistors ST2 included in one block BLK of the memory cell
array 11_3 and gates of a plurality of selection transistors
ST2 included in one block BLK of the memory cell array
11_4 are commonly coupled to one selection gate line
SGSb. More specifically, forexample, the blocks BLKO_3
and BLKO_4 include a plurality of selection transistors
ST2. The gates of the plurality of selection transistors
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ST2 are commonly coupled to one selection gate line
SGSb. That is, the blocks BLKO_3 and BLKO 4 share
the selection gate line SGSb. The same applies to other
blocks BLK of the memory cell arrays 11_3 and 11_4.
Note that the memory cell arrays 11_3 and 11_4 may
share different selection gate lines SGSb for each string
unit SU.

[0039] Source lines SL are, for example, shared
among a plurality of blocks BLK of the memory cell arrays
11_1to 11_4.

[0040] Hereinafter, a set of a plurality of memory cell
transistors MC coupled to one word line WL in one string
unit SU is referred to as a "cell unit CU". For example,
when the memory cell transistor MC stores 1-bit data, a
storage capacity of the cell unit CU is defined as "one-
page data". The cell unit CU may have the storage ca-
pacity of two or more page data in accordance with the
number of bits of data that the memory cell transistor MC
stores.

[0041] In the present embodiment, in the write opera-
tion and the read operation, two cell units CU of two mem-
ory cell arrays 11 to which a word line WL is commonly
coupled can be simultaneously selected. For example,
in the write operation or the read operation, when the row
decoder 23a selects the word line WLa0 and the selection
gate line SGDa0, two cell units CU, that is, the cell unit
CU that includes the memory cell transistors MCO of the
string unit SUO_1 and the cell unit CU that includes the
memory cell transistors MCO of the string unit SUO_2,
are selected. In this case, a voltage is applied from the
sense amplifier 24a to the cell unit CU of the string unit
SUO_1 via the bit line BLa. A voltage is applied from the
sense amplifier 24b to the cell unit CU of the string unit
SUO_2 via the bit line BLb. Therefore, in the write oper-
ation or the read operation, page data of each of the two
cell units CU can be collectively processed.

1.3 Arrangement of chips

[0042] Next, an example of an arrangement of each
chip will be described with reference to FIG. 3. FIG. 3 is
a cross-sectional view illustrating the arrangement of the
circuit chip 20, and the array chips 10_1 and 10_2. Note
that, in the example of FIG. 3, in order to simplify the
description, one word line WLa, one word line WLb, one
bit line BLa, and one bit line BLb are illustrated. The se-
lection gate lines SGD and SGS, and the source lines
SL are omitted.

[0043] Hereinafter, a direction substantially parallel to
a surface of the circuit chip 20 is referred to as an X
direction. A direction that intersects with the X direction
and is substantially parallel to the surface of the circuit
chip 20 is referred to as a Y direction. A direction that
intersects with the X direction and the Y direction and is
substantially perpendicular to the surface of the circuit
chip 20isreferred toasa Zdirection. When the Z direction
is further limited, a direction from the array chip 10 toward
the circuit chip 20 is referred to as a Z1 direction, and a
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direction opposite to the Z1 direction is referred to as a
Z2 direction.

[0044] As illustrated in FIG. 3, the array chip 10_1 is
provided on the circuit chip 20 in the Z2 direction. The
array chip 10_2 is provided on the array chip 10_1.
[0045] In the circuit chip 20, the row decoders 23a and
23b, and the sense amplifiers 24a and 24b are provided
on a semiconductor substrate 200.

[0046] Inthe array chip 10_1, forexample, the memory
cell arrays 11_1 and 11_3 are arranged side by side in
the Y direction. For example, the memory cell array 11_1
is provided above the row decoder 23a and the sense
amplifier 24ain the Z2 direction. In addition, for example,
the memory cell array 11_3 is provided above the row
decoder 23b and the sense amplifier 24b in the Z2 direc-
tion.

[0047] Inthe array chip 10_2, forexample, the memory
cell arrays 11_2 and 11_4 are arranged side by side in
the Y direction. The memory cell array 11_2 is provided
above the memory cell array 11_1 in the Z2 direction.
The memory cell array 11_4 is provided above the mem-
orycellarray 11_3inthe Z2 direction. Thatis, the memory
cell arrays 11_1 and 11_2 are stacked in the Z direction.
Similarly, the memory cell arrays 11_3 and 11_4 are
stacked in the Z direction.

[0048] Hereinafter, a set of a plurality of memory cell
arrays 11 to which a word line WL is commonly coupled
and stacked in the Z direction is referred to as an array
unit AU. More specifically, for example, the memory cell
arrays 11_1 and 11_2 constitute an array unit AUa. In
addition, the memory cell arrays 11_3 and 11_4 consti-
tute an array unit AUb. The semiconductor memory de-
vice 1 includes two array units AUa and AUb arranged
adjacent to each other in the Y direction.

[0049] One end of the word line WLa is coupled to the
row decoder 23a. The word line WLa is commonly cou-
pled to the memory cell arrays 11_1 and 11_2 stacked
inthe Z direction. One end of the word line WLb is coupled
to the row decoder 23b. The word line WLb is commonly
coupled tothe memory cellarrays 11_3 and 11_4 stacked
in the Z direction.

[0050] The bitline BLais coupled to the sense amplifier
24a. The bitline BLa is commonly coupled to the memory
cellarrays 11_1 and 11_4 arranged at different positions
from each other in the Z direction and the Y direction.
The bit line BLb is coupled to the sense amplifier 24b.
The bit line BLb is commonly coupled to the memory cell
arrays 11_2 and 11_3 arranged at different positions from
each other in the Z direction and the Y direction. That is,
the bit line BL is commonly coupled to one memory cell
array 11 of one array unit AU and one memory cell array
11 provided in a different array chip 10 of the other array
unit AU. In other words, the bit line BL is commonly cou-
pled to two memory cell arrays 11 that do not share the
word line WL and are provided in different array chips 10.
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1.4 Arrangement of memory cell arrays

[0051] Next, an example of an arrangement of memory
cell arrays will be described with reference to FIG. 4. FIG.
4 is a perspective view illustrating the arrangement of the
memory cell arrays 11_1to 11_4 and the circuit chip 20.
Note that, in the example of FIG. 4, in order to simplify
the description, one word line WLa, one word line WLb,
one selection gate line SGDa, one selection gate line
SGDb, one selection gate line SGSa, and one selection
gate line SGSb, and four bit lines BLa and four bit lines
BLb are illustrated in each memory cell array 11. The
source lines SL are omitted.

[0052] As illustrated in FIG. 4, the memory cell array
11 includes a cell portion and a WLSG coupling portion.
The cell portion is a region in which the memory cell tran-
sistors are arranged. The WLSG coupling portion is a
region in which a plurality of contact plugs, each coupled
to a corresponding one of the word lines WL and the
selection gate lines SGD and SGS, are provided. For
example, the word lines WLa and the selection gate lines
SGDa and SGSa of the memory cell arrays 11_1 and
11_2 are commonly coupled to the row decoder 23a of
the circuit chip 20. The word lines WLb and the selection
gate lines SGDb and SGSb of the memory cell arrays
11_3and 11_4 are commonly coupled to the row decoder
23b of the circuit chip 20.

[0053] BL coupling portions are provided between the
memory cell array 11_1 and the memory cell array 11_3,
and between the memory cellarray 11_2 and the memory
cell array 11_4. The BL coupling portion is a coupling
region for coupling the bit lines BL provided in the array
chip 10_1 and the bit lines BL provided in the array chip
10_2to each other. More specifically, for example, a plu-
rality of bit lines BL extending in the Y direction are pro-
vided in the cell portion of each memory cell array 11. In
the BL coupling portion, the bit lines BLa of the memory
cell array 11_1 and the bit lines BLa of the memory cell
array 11_4 are coupled. The bit lines BLa of the memory
cell array 11_1 extend from the cell portion in the Z di-
rection, and are coupled to the sense amplifier 24a of the
circuit chip 20. In addition, in the BL coupling portion, the
bit lines BLb of the memory cell array 11_2 and the bit
lines BLb of the memory cell array 11_3 are coupled. The
bit lines BLb of the memory cell array 11_3 extend from
the cell portion in the Z direction, and are coupled to the
sense amplifier 24b of the circuit chip 20.

[0054] Note that, inthe example of FIG. 4, for example,
in the vicinity of the center portion of the cell portion of
the memory cell array 11_1, coupling portions with the
sense amplifier 24a are provided in intermediate portions
of the bitlines BLa, but the present invention is not limited
thereto. For example, coupling portions may be provided
at ends of the bit lines BLa. In addition, the coupling por-
tions of the bit lines BLa do not need to be arranged side
by side in the X direction. The same applies to the bit
lines BLb.
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1.5 Planar configuration of memory cell array

[0055] Next, an example of the configuration of the
memory cell array 11 will be described with reference to
FIGS. 5 and 6. FIG. 5 is a plan view of the memory cell
array 11_2.FIG. 6 is a plan view of the memory cell array
11_1. Note that, in the example of FIGS. 5 and 6, in order
to simplify the description, a case will be described where
each memory cell array 11 includes four blocks BLKO_to
BLK3, and each block BLK includes one string unit SU.
In addition, in the example of FIGS. 5 and 6, insulating
layers are omitted. The configuration of the memory cell
array 11_3 is similar to that of the memory cellarray 11_1.
The configuration of the memory cell array 11_4 is similar
to that of the memory cell array 11_2.

[0056] First, the planar configuration of the memory
cell array 11_2 will be described.

[0057] As illustrated in FIG. 5, four blocks BLKO_2 to
BLK3_2 are arranged side by side in the Y direction from
the upper side toward the lower side in the drawing. In
each block BLK, a plurality of interconnect layers 102 are
stacked apart from each other in the Z direction. For ex-
ample, seven interconnect layers 102 are stacked. Each
interconnect layer 102 extends in the X direction. Each
of the interconnect layers 102 functions as (is included
in) a corresponding one of the selection gate line SGS,
the word lines WLO to WL4, and the selection gate line
SGD. Slits SLT are formed on the respective two side
surfaces, facing the Y direction, of each interconnect lay-
er 102. The slit SLT extends in the X direction and the Z
direction. The slit SLT separates the interconnect layers
102 for each block BLK.

[0058] The block BLK includes the cell portion and the
WLSG coupling portions.

[0059] The cell portion is provided with a plurality of
memory pillars MP. The memory pillar MP is a pillar cor-
responding to the NAND string NS. Details of the struc-
ture of the memory pillar MP will be described later. The
memory pillar MP has a substantially columnar shape
and extends in the Z direction. The memory pillar MP
penetrates (passes through) the plurality of interconnect
layers 102 stacked in the Z direction.

[0060] Inthe example of FIG. 5, the plurality of memory
pillars MP in the block BLK are arranged in a staggered
manner in two rows in the X direction. Note that an array
of the memory pillars MP can be freely designed. The
array of the memory pillars MP may be, for example, a
staggered arrangement in eight rows. In addition, the ar-
ray of the memory pillars MP may not be the staggered
arrangement.

[0061] A plurality of bit lines BLb are arranged side by
side in the X direction above the memory pillars MP. The
bitline BLb extendsinthe Y direction. The memory pillars
MP of each block BLK are each electrically coupled to
any of the bit lines BLb.

[0062] The WLSG coupling portion of the memory cell
array 11_2 includes CP1 regions.

[0063] The CP1 region is a region in which a plurality
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of contact plugs CP1 are provided. The contact plug CP1
extends in the Z direction. Each of the contact plugs CP1
is coupled to any one of the interconnect layers 102
stacked apart from each other in the Z direction. The
contact plug CP1 is not electrically coupled to any other
interconnectlayers 102 exceptthe one interconnect layer
102. In the example of FIG. 5, seven contact plugs CP1
are provided in one CP1 region. The seven contact plugs
CP1 are coupled to the respective seven interconnect
layers 102 stacked spaced apart from each other in the
Z direction. Hereinafter, when specifying the contact
plugs CP1 coupled to the interconnect layers 102 corre-
sponding to the word lines WLO, WL1, WL2, WL3, and
WL4, they are referred to as contact plugs CP1_wO0,
CP1_w1,CP1_w2, CP1_w3, and CP1_w4, respectively.
When specifying the contact plugs CP1 coupled to the
interconnect layers 102 corresponding to the selection
gate lines SGD and SGS, they are referred to as the
contact plugs CP1_d and CP1_s, respectively. In the ex-
ample of FIG. 5, the contact plugs CP1_s, CP1_wO0,
CP1_w1; CP1_w2, CPI_w3, CP1_w4, and CP1_d are
arranged in this order from an end of the memory cell
array 11_2 in the X direction toward the cell portion. Note
that the arrangement of the contact plugs CP1 in each
CP1 region is freely set. For example, the contact plugs
CP1 may be arranged in two rows along the X direction.
[0064] Interconnect layers 111 are provided on the
contact plugs CP1. The interconnect layer 111 extends
from a coupling position with the contact plug CP 1 to the
block BLK adjacent in the Y direction. More specifically,
the interconnect layer 111 provided on the contact plug
CP1 of the block BLKO_2 extends to the block BLK1_2.
The interconnect layer 111 provided on the contact plug
CP1 of the block BLK1_2 extends to the block BLKO 2.
The interconnect layer 111 provided on the contact plug
CP1 of the block BLK2_2 extends to the block BLK3_ 2.
The interconnect layer 111 provided on the contact plug
CP1 of the block BLK3_2 extends to the block BLK2 2.
[0065] Electrode pads PD are provided on the inter-
connect layers 111. One end of the interconnect layer
111 is coupled to the contact plug CP1, and the other
end of the interconnect layer 111 is electrically coupled
to the electrode pad PD. The electrode pad PD is used
for electrical coupling with another chip.

[0066] Next, the planar configuration of the memory
cellarray 11_1 will be described. Hereinafter, differences
from the planar configuration of the memory cell array
11_2 will be mainly described.

[0067] As illustrated in FIG. 6, the configuration of the
cell portionis similar to thatin the memory cell array 11_2.
A plurality of bit lines BLa are arranged side by side in
the X direction above the memory pillars MP. The bitline
BLa extends in the Y direction. The memory pillars MP
of each block BLK are each electrically coupled to any
of the bit lines BLa.

[0068] The WLSG coupling portion of the memory cell
array 11_1 includes CP1 regions and CP2 regions.
[0069] The configuration of the CP1 region is similar
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to that in the memory cell array 11_2. For example, the
CP1 regions of the memory cell array 11_1 are arranged
above the CP1 regions of the memory cell array 11_2in
the Z direction.

[0070] The CP2 region is a region in which a plurality
of contact plugs CP2 are provided. For example, the con-
tact plugs CP2 of the memory cell array 11_1 are ar-
ranged above the electrode pads PD electrically coupled
to the contact plugs CP 1 of the memory cell array 11_2
in the Z direction. The contact plug CP2 extends in the
Zdirection. The contact plug CP2 penetrates the memory
cell array 11_1. The contact plug CP2 is not electrically
coupled to the interconnect layers 102 of the memory
cell array 11_1. The contact plug CP2 is electrically cou-
pled with the contact plug CP1 of the memory cell array
11_2 via the electrode pads PD and the interconnect lay-
er 111 of the array chip 10_2 described in FIG. 5.
[0071] More specifically, for example, the contact plug
CP2 of the block BLKO_1 is electrically coupled to the
contact plug CP1 of the block BLK12 of the memory cell
array 11_2. The contact plug CP2 of the block BLK1_1
is electrically coupled to the contact plug CP1 of the block
BLKO_2 of the memory cell array 11_2. The contact plug
CP2 of the block BLK2_1 is electrically coupled to the
contact plug CP1 of the block BLK3_2 of the memaory cell
array 11_2. The contact plug CP2 of the block BLK3_1
is electrically coupled to the contact plug CP1 of the block
BLK2_2 of the memory cell array 11_2.

[0072] In the example of FIG. 6, seven contact plugs
CP2 are provided in one CP2 region. The seven contact
plugs CP2 correspond to the respective seven contact
plugs CP1 of the memory cell array 11_2. Hereinafter,
when specifying the contact plugs CP2 coupled to the
contactplugsCP1_w0,CP1_w1,CP1_w2, CP1_w3, and
CP1_w4 of the memory cell array 11_2, they are referred
to as contact plugs CP2_w0, CP2_w1, CP2_w2,
CP2_w3, and CP2_w4, respectively. When specifying
the contact plugs CP2 coupled to the contact plugs
CP1_d and CP1_s of the memory cell array 11_2, they
are referred to as contact plugs CP2_d and CP2_s, re-
spectively.

[0073] Interconnect layers 111 are provided on the
contact plugs CP1 and CP2. The contact plugs CP1_w0
to CP1_w4, and CP1_d and CP1_s are respectively cou-
pled to the contact plugs CP2_w0to CP2_w4,and CP2_d
and CP2_s ofthe adjacentblock BLK via the interconnect
layers 111.

[0074] More specifically, for example, the contact
plugs CP1 of the block BLKO_1 are electrically coupled
with the contact plugs CP2 of the block BLK1_1. The
contact plugs CP1 of the block BLK1_1 are electrically
coupled with the contact plugs CP2 of the block BLKO_1.
The contact plugs CP1 of the block BLK2_1 are electri-
cally coupled with the contact plugs CP2 of the block
BLK3_1. The contact plugs CP1 of the block BLK3_1 are
electrically coupled with the contact plugs CP2 of the
block BLK2_1.

[0075] Thatis, the word lines WLa0 to WLa4, and the
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selection gate lines SGDa and SGSa of the block BLKO_1
are electrically coupled to the word lines WLa0 to WLa4,
and the selection gate lines SGDa and SGSa of the block
BLKO_2, respectively. The same applies to other blocks
BLK.

[0076] Similarly to the memory cell array 11_2, elec-
trode pads PD are provided on the interconnect layers
111 above the memory cell array 11_1.

1.6 Cross-sectional configuration of memory cell array

[0077] Next, the cross-sectional configuration of the
memory cell array 11 will be described.

1.6.1 Configuration of A1-A2 cross section

[0078] First, an example of the configuration of an A1-
A2 cross section of the semiconductor memory device 1
will be described with reference to FIG. 7. FIG. 7 is a
cross-sectional view taken along line A1-A2 in FIGS. 5
and 6. The example of FIG. 7 illustrates the memory cell
arrays 11_1and 11_2, and the same applies to the mem-
ory cell arrays 11_3 and 11_4.

[0079] AsillustratedinFIG. 7, the semiconductor mem-
ory device 1 has a configuration in which the array chips
10_1 and 10_2 and the circuit chip 20 are bonded. The
chips are electrically coupled to each other via the elec-
trode pads PD provided in each of the chips.

[0080] First, the internal configuration of the array chip
10_1 will be described.

[0081] The array chip 10_1 includes the memory cell
array 11_1 and various interconnect layers for coupling
to another chip.

[0082] The array chip 10_1 includes an insulating lay-
ers 101,105,107, 110, 112, and 114, interconnect layers
102, 103, 104, and 111, and conductors 106, 108, 109,
113, and 115.

[0083] In the memory cell array 11_1, a plurality of in-
sulating layers 101 and a plurality of interconnect layers
102 are alternately stacked one by one. In the example
of FIG. 7, seven interconnect layers 102 that function as
the selection gate line SGSa, the word lines WLa0 to
WLa4, and the selection gate line SGDa are stacked in
this order in the Z1 direction. Hereinafter, when specify-
ing the interconnect layers 102 functioning as the word
lines WLO, WL1, WL2, WL3, and WL4, they are referred
to as interconnect layers 102_w0, 102_w1, 102_w2,
102_w3, and 102_w4, respectively. When specifying the
interconnect layers 102 functioning as the selection gate
lines SGD and SGS, they are referred to as interconnect
layers 102_d and 102_s, respectively.

[0084] The insulating layer 101 may contain, for exam-
ple, silicon oxide (SiO). The interconnect layer 102 con-
tains a conductive material. The conductive material may
include a metal material, an n-type semiconductor, or a
p-type semiconductor. As the conductive material of the
interconnect layer 102, for example, a stacked structure
oftitanium nitride (TiN)/tungsten (W) is used. In this case,
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TiNis formed so as to cover W. Note that the interconnect
layer 102 may contain a high dielectric constant material
such as aluminum oxide (AlO). In this case, the high di-
electric constant material is formed so as to cover the
conductive material.

[0085] The plurality of interconnect layers 102 are sep-
arated for each block BLK by the slits SLT extending in
the X direction. The slit SLT is filled with the insulating
layer 105. The insulating layer 105 may contain SiO.
[0086] The interconnect layer 103 is provided above
the interconnect layer 102_s in the Z2 direction. The in-
sulating layer 101 is provided between the interconnect
layer 102_s and the interconnect layer 103. The inter-
connect layer 103 functions as (is included in) the source
line SL. The interconnect layer 104 is provided on the
interconnect layer 103 in the Z2 direction. The intercon-
nect layer 104 is used as an interconnect layer for elec-
trically coupling the interconnect layer 103 to another
chip. The interconnect layers 103 and 104 may contain
a conductive material. The conductive material may in-
clude a metal material, an n-type semiconductor, or a p-
type semiconductor.

[0087] The contact plug CP1 is provided on each in-
terconnect layer 102 in the Z1 direction. The contact plug
CP1 has, for example, a columnar shape. The contact
plug CP1 includes the conductor 106 and the insulating
layer 107. The conductor 106 has, for example, a colum-
nar shape. One end of the conductor 106 is in contact
with the interconnect layer 102. The insulating layer 107
is provided so as to cover a side surface (outer periphery)
of the conductor 106. The insulating layer 107 has, for
example, a cylindrical shape. The side surface of the con-
ductor 106 is not electrically coupled with other intercon-
nectlayers 102 by the insulating layer 107. The conductor
106 may contain a metal material containing W, copper
(Cu), aluminum (Al), or the like. The insulating layer 107
may contain SiO.

[0088] In the example of FIG. 7, the contact plug
CP1_w4 is provided. The contact plug CP1_w4 pene-
trates the interconnect layer 102_d. The contact plug
CP1_w4is electrically coupled with the interconnect layer
102_w4.

[0089] The contact plug CP2 that penetrates the plu-
rality of interconnect layers 102 is provided. The contact
plug CP2 has, for example, a columnar shape. The con-
tact plug CP2 includes the conductor 109 and the insu-
lating layer 110. The conductor 109 has, for example, a
columnar shape. The insulating layer 110 is provided so
as to cover a side surface (outer periphery) of the con-
ductor 109. The insulating layer 110 has, for example, a
cylindrical shape. The conductor 109 is not electrically
coupled with the interconnect layers 102 by the insulating
layer 110.

[0090] Theinterconnectlayer 103 and the interconnect
layer 104 are not provided in the CP2 regions in which
the contact plugs CP2 are provided. The conductor 108
is provided above the interconnect layer 102_s in the Z2
direction. The insulating layer 101 is provided between
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the interconnect layer 102 and the conductor 108. The
conductor 108 is in contact with (electrically coupled to)
one end of the contact plug CP2.

[0091] The interconnect layer 111 is provided above
the interconnect layer 102_d in the Z1 direction. The in-
terconnect layer 111 extends in the Y direction. The in-
sulating layer 101 is provided between the interconnect
layer 102 and the interconnect layer 111. The intercon-
nect layer 111 contains a conductive material. The con-
ductive material may include a metal material containing
Cu, Al, or the like.

[0092] The other end of the contact plug CP1 and the
other end of the contact plug CP2 provided to the block
BLK adjacent in the Y direction are (electrically) coupled
to the interconnect layer 111. The contact plugs CP1 and
CP2 coupled to the interconnect layer 111 are arranged
side by side along the Y direction. In the example of FIG.
7, the contact plug CP1_w4 of the block BLKO_1 and the
contact plug CP2_w4 of the block BLK1_1 are coupled
to the interconnect layer 111 arranged so as to straddle
the blocks BLKO 1 and BLK1_1. In addition, the contact
plug CP1_w4 of the block BLK2_1 and the contact plug
CP2_w4 of the block BLK3 1 are coupled to the inter-
connect layer 111 arranged so as to straddle the blocks
BLK2_1 and BLK3_1.

[0093] The insulating layer 112 is provided on the in-
terconnect layers 111 and the insulating layer 101 in the
Z1 direction. The insulating layer 112 may contain SiO.
[0094] A plurality of conductors 113 are provided in the
insulating layer 112. The conductor 113 functions as an
electrode pad PD. For example, one conductor 113 is
provided on one interconnect layer 111. The conductor
113 may contain a metal material containing Cu.

[0095] The insulating layer 114 is provided on the in-
terconnect layers 104, the insulating layer 101, and the
conductors 108 in the Z2 direction. The insulating layer
114 may contain SiO.

[0096] A plurality of conductors 115 are provided in the
insulating layer 114. The conductor 115 functions as an
electrode pad PD. For example, one conductor 115 is
provided on one conductor 108. The conductor 115 may
contain a metal material containing Cu.

[0097] Next, the internal configuration of the array chip
10_2 will be described. Hereinafter, differences from the
array chip 10_1 will be mainly described.

[0098] In the array chip 10_2, the contact plugs CP2,
the conductors 108, the insulating layer 114, and the con-
ductors 115 described in the configuration of the array
chip 10_1 are eliminated. Other configurations are similar
to those of the array chip 10_1. The conductors 113 of
the array chip 10_2 are coupled to the conductors 115
of the array chip 10_1.

[0099] For example, the interconnect layer 102 of the
memory cell array 11_2 is electrically coupled to the in-
terconnect layer 102 of the memory cell array 11_1 via
the contact plug CP1 of the array chip 10_2, the inter-
connect layer 111 of the array chip 10_2, the conductor
113 of the array chip 10_2, the conductor 115 of the array
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chip 10_1, the conductor 108 of the array chip 10_1, the
contact plug CP2 of the array chip 10_1, the interconnect
layer 111 of the array chip 10_1, and the contact plug
CP1 of the array chip 10_1.

[0100] Inthe example of FIG. 7, the interconnect layer
102_w4 of the block BLKO_2 of the memory cell array
11_2 and the interconnect layer 102_w4 of the block
BLKO_1 of the memory cell array 11_1 are electrically
coupled. In other words, the word line WLa4 of the mem-
ory cellarray 11_2 and the word line WLa4 of the memory
cell array 11_1 arranged above in the Z1 direction are
electrically coupled. In this case, the contact plug
CP1_w4 of the memory cell array 11_2 and the contact
plug CP1_w4 of the memory cell array 11_1 arranged
above in the Z1 direction are electrically coupled. The
same applies to other word lines WL. Note that the con-
tact plugs CP2 and the conductors 108 may be provided
in the memory cell array 11_2.

[0101] Next, the circuit chip 20 will be described.
[0102] The circuit chip 20 includes a plurality of tran-
sistors Tr and various interconnect layers. The plurality
of transistor Tr are used for the sequencer 21, the voltage
generator 22, the row decoders 23, the sense amplifiers
24, and the like.

[0103] More specifically, the circuit chip 20 includes
insulating layers 201, 202, and 209, gate electrodes 203,
conductors 204, 206, 208, and 210, and interconnect lay-
ers 205 and 207.

[0104] Element isolation regions are provided in the
vicinity of a surface of the semiconductor substrate 200.
The element isolation region electrically isolates an n-
type well region and a p-type well region provided in the
vicinity of the surface of the semiconductor substrate 200,
for example. The element isolation region is filled with
the insulating layer 201. The insulating layer 201 may
contain SiO.

[0105] Theinsulatinglayer 202 is provided on the sem-
iconductor substrate 200. The insulating layer 202 may
contain SiO.

[0106] The transistor Tr includes a gate insulating film
(notillustrated) provided on the semiconductor substrate
200, the gate electrode 203 provided on the gate insu-
lating film, and a source and a drain (not illustrated)
formed in the semiconductor substrate 200. The source
and the drain are each electrically coupled to the inter-
connect layer 205 via the conductor 204. The conductor
204 extends in the Z2 direction. The conductor 204 func-
tions as a contact plug. The conductor 206 is provided
on the interconnect layer 205. The conductor 206 ex-
tends in the Z2 direction. The conductor 206 functions
as a contact plug. The interconnect layer 207 is provided
on the conductor 206. The conductor 208 is provided on
the interconnect layer 207. The conductor 208 extends
in the Z2 direction. Note that the number of interconnect
layers provided in the circuit chip 20 is freely set. The
conductor 208 functions as a contact plug. The intercon-
nect layers 205 and 207 are made of a conductive ma-
terial. The conductors 204, 206, and 208, and the inter-
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connectlayers 205 and 207 may contain a metal material,
a p-type semiconductor, or an n-type semiconductor.
[0107] The insulating layer 209 is provided on the in-
sulating layer 202 in the Z2 direction. The insulating layer
209 may contain SiO.

[0108] A plurality of conductors 210 are provided in the
insulating layer 209. The conductor 210 functions as an
electrode pad PD. For example, one conductor 210 is
provided on one conductor 208. The conductor 210 may
contain a metal material such as Cu. The conductor 210
ofthe circuit chip 20 is in contact with (electrically coupled
to) the conductor 113 of the array chip 10_1.

1.6.2 Configuration of B1-B2 cross section

[0109] Next, an example of the configuration of a B1-
B2 cross section of the semiconductor memory device 1
will be described with reference to FIG. 8. FIG. 8 is a
cross-sectional view taken along line B1-B2 in FIGS. 5
and 6. Hereinafter, description will be given focusing on
the configurations of the contact plugs CP1.

[0110] AsillustratedinFIG.8, the contactplugs CP1_s,
CP1_w0to CP1_w4, and CP1_d are provided in each of
the memory cell arrays 11_1 and 11_2. In the example
of FIG. 8, the contact plugs CP1_s, CP1_w0to CP1_w4,
and CP1_d are arranged in this order from the right side
toward the left side in the drawing. One ends of the con-
tact plugs CP1_s, CP1_w0 to CP1_w4, and CP1_d are
in contact with (electrically coupled to) the interconnect
layers 102_s, 102_wO0 to 102_w4, and 102_d, respec-
tively. In addition, the other ends of the contact plugs
CP1_s, CP1_w0 to CP1_w4, and CP1_d are in contact
with (electrically coupled to) different interconnect layers
111. Therefore, lengths of the contact plugs CP1_s,
CP1_wO0 to CP1_w4, and CP1_d in the Z direction are
different from each other.

[0111] More specifically, the contact plug CP1_s pen-
etrates six interconnect layers 102_wO0 to 102_w4, and
102_d. The contact plug CP1_s is not electrically coupled
to the six interconnect layers 102_w0 to 102_w4 and
102_d. One end of the contact plug CP1_s is electrically
coupled to the interconnect layer 102_s.

[0112] The contact plug CP1_w0 penetrates five inter-
connect layers 102_w1 to 102_w4 and 102_d. The con-
tact plug CP1_wO0 is not electrically coupled to the five
interconnect layers 102_wl to 102_w4 and 102_d. One
end of the contact plug CP1_wO0 is electrically coupled
to the interconnect layer 102_w0.

[0113] The contact plug CP1_w1 penetrates four inter-
connect layers 102_w2 to 102_w4 and 102_d. The con-
tact plug CP1_w1 is not electrically coupled to the four
interconnect layers 102_w2 to 102_w4 and 102_d. One
end of the contact plug CP1_w1 is electrically coupled
to the interconnect layer 102_w1.

[0114] The contact plug CP1_w2 penetrates three in-
terconnectlayers 102_w3, 102_w4, and 102_d. The con-
tact plug CP1_wz2 is not electrically coupled to the three
interconnect layers 102_w3, 102_w4, and 102_d. One
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end of the contact plug CP1_w2 is electrically coupled
to the interconnect layer 102_w2.

[0115] The contact plug CP1_w3 penetrates two inter-
connect layers 102_w4 and 102_d. The contact plug
CP1_wa3isnotelectrically coupled to the two interconnect
layers 102_w4 and 102_d. One end of the contact plug
CP1_wa3 is electrically coupled to the interconnect layer
102_ws3.

[0116] The contact plug CP1_w4 penetrates the inter-
connect layer 102_d. The contact plug CP1_w4 is not
electrically coupled to the interconnect layer 102_d. One
end of the contact plug CP1_w4 is electrically coupled
to the interconnect layer 102_w4.

[0117] One end of the contact plug CP1_d is electri-
cally coupled to the interconnect layer 102_d.

1.6.3 Configuration of C1-C2 cross section

[0118] Next, an example of the configuration of a C1-
C2 cross section of the semiconductor memory device 1
will be described with reference to FIG. 9. FIG. 9 is a
cross-sectional view taken along line C1-C2 in FIGS. 5
and 6. Hereinafter, description will be given focusing on
the configurations of the contact plugs CP2.

[0119] Asillustratedin FIG. 9, the contactplugs CP2_s,
CP2_w0to CP2_w4,and CP2_d are providedin the array
chip 10_1. In the example of FIG. 9, the contact plugs
CP2_s, CP2_w0 to CP2_w4, and CP2_d are arranged
in this order from the right side toward the left side in the
drawing. The contact plugs CP2_s, CP2_w0 to CP2_w4,
and CP2_d have substantially the same shape (the same
length). The contact plugs CP2_s, CP2_w0 to CP2_w4,
and CP2_d penetrate seven interconnect layers 102_s,
102_w0 to 102_w4, and 102_d. The contact plugs
CP2_s, CP2_w0 to CP2_w4, and CP2_d are not electri-
cally coupled to the seven interconnect layers 102_s,
102_wO0 to 102_w4, and 102_d. One ends of the contact
plugs CP2_s, CP2_w0 to CP2_w4, and CP2_d are cou-
pled to different conductors 108. The other ends of the
contact plugs CP2_s, CP2_w0 to CP2_w4, and CP2_d
are coupled to different interconnect layers 111.

1.6.4 Configuration of D1-D2 cross section

[0120] Next, an example of the configuration of a D1-
D2 cross section of the semiconductor memory device 1
will be described with reference to FIG. 10. FIG. 10 is a
cross-sectional view taken along line D1-D2 in FIGS. 5
and 6. Hereinafter, description will be given focusing on
the configurations of the memory pillar MP and the bit
line BL.

[0121] Asiillustrated in FIG. 10, the memory pillars MP
are provided in the array chips 10_1 and 10_2.

[0122] The memory pillar MP penetrates the plurality
of interconnect layers 102. The memory pillar MP ex-
tends in the Z direction. One end of the memory pillar
MP is in contact with the interconnect layer 103. A con-
ductor 126 is provided on the other end of the memory
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pillar MP in the Z1 direction. For example, the conductor
126 has a substantially columnar shape. The conductor
126 functions as a contact plug CP3. A conductor 127 is
provided on the conductor 126. For example, the con-
ductor 127 has a substantially columnar shape. The con-
ductor 127 functions as a contact plug CP4. A plurality
of interconnect layers 128 are provided above the mem-
ory pillars MP in the Z1 direction. The plurality of inter-
connect layers 128 are arranged side by side in the X
direction. The interconnect layer 128 extends in the Y
direction. The interconnect layer 128 functions as the bit
line BL. The interconnect layer 128 is electrically coupled
to any of the memory pillars MP via the contact plugs
CP3 and CP4.

[0123] The conductor 126 and 127, and the intercon-
nect layer 128 may contain a metal material such as W,
Al, Cu, or the like.

[0124] Next, the internal configuration of the memory
pillar MP will be described.

[0125] The memory pillar MP includes a block insulat-
ing film 120, a charge storage layer 121, a tunnel insu-
lating film 122, a semiconductor layer 123, a core layer
124, and a cap layer 125.

[0126] More specifically, a hole MH that penetrates the
plurality of interconnect layers 102 is formed. The hole
MH corresponds to the memory pillar MP. An end of the
hole MH in the Z2 direction reaches the interconnect layer
103. On aside surface of the hole MH, the block insulating
film 120, the charge storage layer 121, and the tunnel
insulating film 122 are stacked in this order from the out-
side. For example, when the hole MH has a cylindrical
shape, the block insulating film 120, the charge storage
layer 121, and the tunnel insulating film 122 each have
a cylindrical shape. The semiconductor layer 123 is pro-
vided so as to be in contact with a side surface of the
tunnel insulating film 122. An end of the semiconductor
layer 123 in the Z2 direction is in contact with the inter-
connect layer 103. The semiconductor layer 123 is a re-
gion in which channels of the memory cell transistors MC
and the selection transistors ST1 and ST2 are formed.
Therefore, the semiconductor layer 123 functions as a
signal line that couples the current paths of the selection
transistor ST2, the memory cell transistors MCO to MC4,
and the selection transistor ST1. The semiconductor lay-
er 123 is filled with the core layer 124. A cap layer 125,
a side surface of which is in contact with the tunnel insu-
lating film 122, is provided on ends of the semiconductor
layer 123 and the core layer 124 in the Z1 direction. That
is, the memory pillar MP includes the semiconductor lay-
er 123 that passes through the plurality of interconnect
layers 102 and extends in the Z direction.

[0127] The block insulating film 120, the tunnel insu-
lating film 122, and the core layer 124 may contain SiO.
The charge storage layer 121 may contain silicon nitride
(SiN). The semiconductor layer 123 and the cap layer
125 may contain, for example, polysilicon.

[0128] The memory cell transistors MCO to MC4 are
configured by combining the memory pillars MP and the
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respective interconnect layers 102_wO0 to 102_w4. Sim-
ilarly, the selection transistor ST1 is configured by com-
bining the memory pillar MP and the interconnect layer
102_d. The selection transistor ST2 is configured by
combining the memory pillar MP and the interconnect
layer 102_s.

1.7 Planar configuration of BL coupling portion

[0129] Next, an example of the configuration of the BL
coupling portion will be described with reference to FIG.
11. FIG. 11 is a plan view of the BL coupling portion of
the array chip 10_2. The example of FIG. 11 illustrates
four bit lines BLbO to BLb3 coupled to the memory cell
array 11_2, and four bit lines BLa0 to BLa3 coupled to
the memory cell array 11_4. Note that the insulating lay-
ers are omitted.

[0130] Hereinafter, when specifying the interconnect
layers 128 and 132, and the conductors 113, 131, and
133 corresponding to the bit lines BLa, they are referred
to as interconnect layers 128a and 132a, and conductors
113a, 131a, and 133a, respectively. In addition, when
specifying the interconnect layers 128 and 132, and the
conductors 113, 131, and 133 corresponding to the bit
lines BLb, they are referred to as interconnectlayers 128b
and 132b, and conductors 113b, 131b, and 133b, respec-
tively.

[0131] Asillustratedin FIG. 11, the interconnect layers
128a that function as the bit lines BLa0 to BLa3 are ar-
ranged side by side in the X direction. Similarly, the in-
terconnect layers 128b that function as the bit lines BLbO
to BLb3 are arranged side by side in the X direction. Each
of the interconnect layers 128a and 128b extends in the
Y direction. In the example of FIG. 11, the bit lines BLa
and the bit lines BLb are arranged so as to face each
other in the Y direction.

[0132] The conductor 131 is coupled to an end of each
interconnect layer 128. The conductor 131 has a sub-
stantially columnar shape and extends in the Z direction.
One end of the conductor 131 is coupled to the intercon-
nect layer 128, and the other end of the conductor 131
is coupled to the interconnect layer 132. The conductor
131 functions as a contact plug CP6 that couples the
interconnect layer 128 and the interconnect layer 132.
The interconnect layer 132 is provided in a layer different
from the interconnect layer 128. The shape of the inter-
connect layer 132 differs depending on the interconnect
layer 128 electrically coupled to the interconnect layer
132. The shape of the interconnect layer 132 will be de-
scribed later. The conductor 133 is coupled to an end of
the interconnectlayer 132. The conductor 133 has a sub-
stantially columnar shape and extends in the Z direction.
One end of the conductor 133 is coupled to the intercon-
nect layer 132, and the other end of the conductor 133
is coupled to the conductor 113. The conductor 133 func-
tions as a contact plug CP7 that couples the interconnect
layer 132 and the conductor 113.

[0133] The conductors 131 and 133, and the intercon-
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nect layer 132 may contain a metal material such as W,
Al, Cu, or the like.

[0134] Next, an example of the shape of the intercon-
nect layer 132 will be described.

[0135] The interconnect layers 128a of the array chip
10_2 are electrically coupled to the memory cell array
11_1 of the array chip 10_1. In addition, the interconnect
layers 128b of the array chip 10_2 are electrically coupled
to the memory cell array 11_3 of the array chip 10_1.
Therefore, for example, the conductors 113a electrically
coupled to the interconnect layers 128a are arranged on
a side closer to the memory cell array 11_2 than the con-
ductors 113b electrically coupled to the interconnect lay-
ers 128b. In such a case, for example, the interconnect
layer 132b electrically coupled to the interconnect layer
128b extends in the Y direction. On the other hand, the
interconnect layer 132a electrically coupled to the inter-
connect layer 128a is formed in a shape so as to bypass
the interconnect layer 132b, for example. More specifi-
cally, for example, the interconnect layer 132a includes
three interconnect portions 132a1 to 132a3. The inter-
connect portion 132al extends in the X direction. One
end of the interconnect portion 132a1 is coupled to the
interconnect layer 128a via the conductor 131a, and the
other end of the interconnect portion 132a1 is coupled
to one end of the interconnect portion 132a2. The inter-
connect portion 132a2 extends in the Y direction. The
other end of the interconnect portion 132a2 is coupled
to one end of the interconnect portion 132a3. The inter-
connect portion 132a3 extends in the X direction. The
other end of the interconnect portion 132a3 is coupled
to the conductor 113a via the conductor 133a.

[0136] Inthe exampleof FIG. 11, theinterconnectlayer
132a corresponding to the bit line BLa0 is arranged so
as to protrude downward in the drawing and bypass the
interconnect layer 132b corresponding to the bit line
BLbO0. The interconnect layer 132a corresponding to the
bit line BLa1 is arranged so as to protrude upward in the
drawing and bypass the interconnect layer 132b corre-
sponding to the bitline BLb1 so as to face the interconnect
layer 132a corresponding to the bit line BLa0. The inter-
connect layers 132a corresponding to the bit lines BLa2
and BLa3 and the interconnect layers 132b correspond-
ing to the bit lines BLb2 and BLb3 also have the same
shapes as described above. The interconnect layers
132a corresponding to the bit lines BLa2 and BLa3 and
the interconnect layers 132b corresponding to the bit
lines BLb2 and BLb3 are arranged at positions different
from the interconnect layers 132a corresponding to the
bitlines BLa0 and BLa1 and the interconnect layers 132b
corresponding to the bit lines BLbO and BLb1 in the Y
direction.

1.8 BL Cross-sectional configuration of coupling portion
[0137] Next, an example of the cross-sectional config-

uration of the BL coupling portion will be described with
reference to FIG. 12. FIG. 12 is a cross-sectional view
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taken along line E1-E2 in FIG. 11. Hereinafter, descrip-
tion will be given focusing on the coupling between the
bit lines BL between the memory cell arrays 11.

[0138] Hereinafter, when specifying the conductors
115 and conductors 130 corresponding to the bit lines
BLa, they are referred to as conductors 115a and 130a,
respectively. In addition, when specifying the conductors
115 and 130 corresponding to the bit lines BLb, they are
referred to as conductors 115b and 130b, respectively.
[0139] Asillustrated in FIG. 12, in the BL coupling por-
tion of the array chip 10_1, one ends of the interconnect
layers 128 are coupled to the conductors 115 via the
conductors 130 extending in the Z2 direction. For exam-
ple, the conductor 130 has a substantially columnar
shape. The conductor 130 functions as a contact plug
CP5. In addition, in the cell portion, the conductor 131 is
provided on the interconnect layer 128 inthe Z1 direction.
The interconnect layer 132 is provided on the conductor
131 in the Z1 direction. The interconnect layer 132 is
coupled to the conductor 113 via the conductor 133.
[0140] Theconductor 130 may contain a metal material
such as W, Al, Cu, or the like.

[0141] IntheBL coupling portion ofthe array chip 10_2,
the conductors 131 are provided on the interconnect lay-
ers 128 in the Z1 direction. The interconnect layers 132
are provided on the conductors 131. The interconnect
layer 132 is coupled to the conductor 113 via the con-
ductor 133.

[0142] More specifically, for example, the interconnect
layer 128b (bit line BLb) corresponding to the memory
cell array 11_2 is coupled to the interconnect layer 128b
(bit line BLb) corresponding to the memory cell array
11_3viathe conductor 131b, the interconnectlayer 132b,
the conductor 133b, the conductor 113b, the conductor
115b, and the conductor 130b. The interconnect layer
128b (bit line BLb) corresponding to the memory cell ar-
ray 11_3is electrically coupled to the sense amplifier 24b
of the circuit chip 20. Similarly, the interconnect layer
128a (bit line BLa) of the memory cell array 11_4 is cou-
pled to the interconnect layer 128a (bit line BLa) corre-
sponding to the memory cell array 11_1 via the conductor
131a, the interconnect layer 132a, the conductor 133a,
the conductor 113a, the conductor 115a, and the con-
ductor 130a. The interconnect layer 128a (bit line BLa)
corresponding to the memory cell array 11_1 is electri-
cally coupled to the sense amplifier 24a of the circuit chip
20.

1.9 Selection of cell unit in write operation and read op-
eration

[0143] Next, an example of selection of the cell units
CU in the write operation and the read operation will be
described with reference to FIGS. 13 and 14. FIG. 13 is
a conceptual diagram illustrating a case where the cell
units CU of the array unit AUa are selected. FIG. 14 is a
conceptual diagram illustrating a case where the cell
units CU of the array unit AUb are selected. In FIGS. 13
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and 14, a thick solid line indicates a state where voltages
are applied to the word line WL and the bit line BL in the
write operation or the read operation. In addition, the word
line WL indicated by a broken line indicates a state (an
off state) where no voltage is applied.

[0144] First, a case will be described where the cell
units CU of the array unit AUa are selected.

[0145] As illustrated in FIG. 13, in the write operation
or the read operation, one cell unit CU (memory cell tran-
sistors MC) of the memory cell array 11_1 and one cell
unit CU (memory cell transistors MC) of the memory cell
array 11_2 that are commonly coupled to one word line
WLa are simultaneously selected. The sense amplifier
24a applies voltages corresponding to the write operation
or the read operation to the memory cell array 11_1 via
the bit lines BLa. On the other hand, the sense amplifier
24b applies voltages corresponding to the write operation
or the read operation to the memory cell array 11_2 via
the bit lines BLb. In this case, the array unit AUb is not
selected and hence, no voltage is applied to the word
line WLb.

[0146] Next, a case will be described where the cell
units CU of the array unit AUb are selected.

[0147] As illustrated in FIG. 14, in the write operation
or the read operation, one cell unit CU (memory cell tran-
sistor MC) of the memory cell array 11_3 and one cell
unit CU (memory cell transistors MC) of the memory cell
array 11_4 that are commonly coupled to one word line
WLb are simultaneously selected. The sense amplifier
24a applies voltages corresponding to the write operation
or the read operation to the memory cell array 11_4 via
the bit lines BLa. On the other hand, the sense amplifier
24b applies voltages corresponding to the write operation
or the read operation to the memory cell array 11_3 via
the bit lines BLb. In this case, the array unit AUa is not
selected and hence, no voltage is applied to the word
line WLa.

1.10 Order of data writing

[0148] Next, an order of data writing will be described
with reference to FIG. 15. FIG. 15is a diagram illustrating
a write order of one block BLK of each memory cell array
11. In the example of FIG. 15, one frame in the table
corresponds to one cell unit CU. Numbers starting with
"a" in the frames indicate a case where the row decoder
23a selects the word line WLa and the selection gate line
SGDa, that is, a case where the array unit AUa is select-
ed. Numbers starting with "b" in the frames indicate a
case where the row decoder 23b selects the word line
WLb and the selection gate line SGDb, that is, a case
where the array unit AUb is selected. Note that, in the
example of FIG. 15, as an order of selecting the word
lines WL, a case is illustrated where the word lines WL
are selected in order from the word line WL4 to the word
line WLO. However, the word lines WL may be selected
in order from the word line WLO to the word line WL4.

[0149] First, the write operation in which the row de-
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coder 23a selects the word lines WLa and the selection
gate lines SGDa will be described.

[0150] As illustrated in FIG. 15, for example, the row
decoder 23a selects the word line WLa4 and the selection
gate line SGDa0 as an a1-th write operation. As a result,
the memory cell transistor MC4 of the string unit SUO_1
and the memory cell transistor MC4 of the string unit
SUO_2 are selected. Thatis, one cell unit CU of the mem-
ory cell arrays 11_1 and one cell unit CU of the memory
cell arrays 11_2 are selected. In this state, the sense
amplifier 24a applies voltages corresponding to the write
data to the memory cell array 11_1 via the bit lines BLa.
At the same time, the sense amplifier 24b applies volt-
ages corresponding to the write data to the memory cell
array 11_2 via the bit lines BLb.

[0151] Next, the row decoder 23a selects the word line
WLa4, and selects the selection gate lines SGDa1 to
SGDa3 in this order as a2 to a4-th write operations. In
the memory cell array 11_1, the memory cell transistors
MC4 of the string units SU1_1 to SU3_1 are selected in
this order in response to the a2 to a4-th write operations.
In the memory cell array 11_2, the memory cell transis-
tors MC4 of the string units SU1_2 to SU3_2 are selected
in this order in response to the a2 to a4-th write opera-
tions.

[0152] Next, the row decoder23a selects the word line
WLa3, and selects the selection gate lines SGDa0 to
SGDa3 in this order as a5 to a8-th write operations. In
the memory cell array 11_1, the memory cell transistors
MC3 of the string units SUO_1 to SU3_1 are selected in
this order in response to the a5 to a8-th write operations.
In the memory cell array 11_2, the memory cell transis-
tors MC3 of the string units SUO_2 to SU3_2 are selected
in this order in response to the a5 to a8-th write opera-
tions.

[0153] The row decoder 23a selects the word lines
WLa and the selection gate lines SGDa in the same order
also in a9 to a20-th write operations.

[0154] Next, the write operation in which the row de-
coder 23b selects the word lines WLb and the selection
gate lines SGDb will be described.

[0155] For example, the row decoder 23b selects the
word line WLb4 and the selection gate line SGDbO0 as a
b 1-th write operation. As a result, the memory cell tran-
sistor MC4 of the string unit SUO_3 and the memory cell
transistor MC4 of the string unit SUO_4 are selected. That
is, one cell unit CU of the memory cell arrays 11_3 and
one cell unit CU of the memory cell arrays 11_4 are se-
lected. In this state, the sense amplifier 24b applies volt-
ages corresponding to the write data to the memory cell
array 11_3 via the bit lines BLb. At the same time, the
sense amplifier 24a applies voltages corresponding to
the write data to the memory cell array 11_4 via the bit
lines BLa.

[0156] Next, the row decoder23b selects the word line
WLb4, and selects the selection gate lines SGDb1 to
SGDDb3 in this order as b2 to b4-th write operations. In
the memory cell array 11_3, the memory cell transistors
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MC4 of the string units SU1_3 to SU3_3 are selected in
this order in response to the b2 to b4-th write operations.
In the memory cell array 11_4, the memory cell transis-
tors MC4 of the string units SU1_4 to SU3_4 are selected
in this order in response to the b2 to b4-th write opera-
tions.

[0157] The row decoder 23b selects the word lines
WLb and the selection gate lines SGDb in the same order
as the order by the row decoder 23a also in b5 to b20-th
write operations.

1.11 Advantageous effects according to present embod-
iment

[0158] With the configuration according to the present
embodiment, it is possible to provide a semiconductor
memory device capable of suppressing an increase in
the chip area. This advantageous effect will be described
in detail.

[0159] Forexample, a method is known in which a plu-
rality of memory cell arrays (array chips) are stacked in
order to highly integrate a semiconductor memory de-
vice. When word lines WL of each memory cell array are
separately coupled to a circuit chip, the number of word
lines WL coupled to a row decoder increases. Therefore,
the circuit scale of the row decoder increases in accord-
ance with the number of memory cell arrays. In other
words, the area of the circuit chip increases.

[0160] On the other hand, with the configuration ac-
cording to the present embodiment, in the plurality of
memory cell arrays 11 stacked above the circuit chip 20,
the word lines WL can be commonly coupled. Therefore,
even when the number of memory cell arrays 11, that is,
the number of stacked layers of the word lines WL in-
creases, an increase in the number of word lines WL
coupled to the row decoder 23 can be suppressed. As a
result, an increase in the area of the circuit chip 20 can
be suppressed.

[0161] Furthermore, the configuration according to the
present embodiment includes a structure in which two
sets of array units AU each including two memory cell
arrays 11 stacked above the circuit chip 20 are arranged
side by side in a direction parallel to the circuit chip 20.
The bit lines BL are commonly coupled to one memory
cell array 11 of one array unit AU and one memory cell
array 11 provided in a different array chip 10 of the other
array unit AU. As a result, in the write operation and the
read operation, two cell units CU of the two memory cell
arrays 11 in the array unit AU can be simultaneously se-
lected. That s, in the write operation and the read oper-
ation, page data of each of the two cell units CU can be
collectively processed. Therefore, the semiconductor
memory device 1 can improve processing capability.
[0162] Furthermore, with the configuration according
to the present embodiment, two cell units CU can be col-
lectively processed. Accordingly, the size of the block
BLK in one memory cell array 11, that is, the data size
of one page, can be halved. As a result, the size of the
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memory cell array 11 can be reduced. Therefore, an in-
crease inthe area of the array chip 10 can be suppressed.
[0163] Furthermore, with the configuration according
to the present embodiment, the bit lines BL can be shared
between the array units AU. Therefore, even when the
number of stacked memory cell arrays 11 increases, an
increase inthe number of bitlines BL coupled to the sense
amplifier can be suppressed. As a result, an increase in
the area of the circuit chip can be suppressed.

[0164] Furthermore, the configuration according to the
present embodiment can suppress disturbances in the
write operation and the read operation. This advanta-
geous effect will be described in detail.

[0165] Forexample,inthe write operation and the read
operation, when either one of the memory cell arrays 11
of the array unit AU is selected, a voltage is also applied
to the word line WL of non-selected memory cell array
11 of the selected array unit AU. Therefore, the non-se-
lected memory cell array 11 is also affected by the dis-
turbance.

[0166] On the other hand, with the configuration ac-
cording to the present embodiment, two memory cell ar-
rays 11 of the array unit AU can be simultaneously se-
lected or deselected. Therefore, in the write operation
and the read operation, application of a voltage to the
word line WL of the non-selected memory cell arrays 11
can be suppressed. Therefore, the influence of distur-
bance can be suppressed.

2. Second embodiment

[0167] Next, a second embodiment will be described.
Inthe second embodiment, alayout of memory cell arrays
11 different from that in the first embodiment will be de-
scribed. Hereinafter, differences from the first embodi-
ment will be mainly described.

2.1 Arrangement of memory cell arrays

[0168] Next, an example of an arrangement of memory
cell arrays will be described with reference to FIG. 16.
FIG. 16 is a perspective view illustrating the arrangement
of memory cell arrays 11_1to 11_4 and a circuit chip 20.
Note that, in the example of FIG. 16, in order to simplify
the description, one word line WLa, one word line WLD,
one selection gate line SGDa, one selection gate line
SGDb, one selection gate line SGSa, and one selection
gate line SGSb, and eight bit lines BLa and eight bit lines
BLb are illustrated in each memory cell array 11. The
source lines SL are omitted. In addition, in order to sim-
plify the description, BL coupling portions are omitted.

[0169] As illustrated in FIG. 16, the memory cell array
11 includes two cell portions and one WLSG coupling
portion. More specifically, the WLSG coupling portion is
provided between the two cell portions arranged side by
side inthe X direction. Thatis, the WLSG coupling portion
is provided at the center portion of the memory cell array
11. By providing the WLSG coupling portion at the center
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portion, even when the size of a block BLK (data size of
one page) increases, the effective interconnect length of
the word line WL from the WLSG coupling portion to an
end of the cell portion is reduced. Accordingly, the delay
of the voltage propagation in the word line WL can be
suppressed. For example, when the data size of one
page in the configuration of the first embodiment is 8 KB,
in the configuration of the present embodiment, the data
size of one page can be 16 KB while the effective inter-
connect length of the word line WL is maintained at the
same level (while the delay of the voltage propagation in
the word line WL is suppressed to the same level).
[0170] Other configurations are similar to those in FIG.
3. The bit lines BLa of the memory cell array 11_4 are
coupled to the bitlines BLa of the memory cell array 11_1.
The bit lines BLb of the memory cell array 11_2 are cou-
pled to the bit lines BLb of the memory cell array 11_3.

2.2 Planar configuration of memory cell array

[0171] Next, an example of the configuration of the
memory cell array 11 will be described with reference to
FIGS. 17 and 18. FIG. 17 is a plan view of the memory
cellarray 11_2. FIG. 18 is a plan view of the memory cell
array 11_1. Note that, in the example of FIGS. 17 and
18, in order to simplify the description, a case will be
described where each memory cell array 11 includes four
blocks BLKO to BLK3, and each block BLK includes one
string unit SU. In addition, in the example of FIGS. 17
and 18, insulating layers are omitted. The configuration
of the memory cell array 11_3 is similar to that of the
memory cellarray 11_1. The configuration of the memory
cell array 11_4 is similar to that of the memory cell array
11_2.

[0172] First, the planar configuration of the memory
cell array 11_2 will be described.

[0173] As illustrated in FIG. 17, four blocks BLKO_2 to
BLK3_2 are arranged side by side in the Y direction from
the upper side toward the lower side in the drawing.
[0174] The cell portions are provided at both ends of
the memory cell array 11_2 in the X direction. The con-
figuration of the cell portion is similar to that in the first
embodiment. A plurality of bitlines BLb are arranged side
by side in the X direction above the memory pillars MP.
The bit line BLb extends in the Y direction. The memory
pillars MP of each block BLK are each electrically coupled
to any of the bit lines BLb.

[0175] The WLSG coupling portion is provided at the
center portion of the memory cell array 11_2. In other
words, the WLSG coupling portion is provided between
the two cell portions arranged side by side in the X direc-
tion.

[0176] The WLSG coupling portion of each block BLK
includes a CP1 region. The CP1 region of the block
BLKO_2 and the CP1 region of the block BLK1_2 are
arranged at different positions in the X direction. In ad-
dition, the CP1 region of the block BLK2_2 and the CP1
region of the block BLK3_2 are arranged at different po-
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sitionsinthe X direction. In the example of FIG. 17, similar
to the first embodiment, seven contact plugs CP1_s,
CP1_w0, CP1_w1, CP1_w2, CP1_w3, CP1_w4, and
CP1_d are arranged in this order in one CP1 region. An
interconnect layer 111 is provided on each contact plug
CP1. The interconnect layer 111 extends in the Y direc-
tion from a coupling position with the contact plug CP1
to the adjacent block BLK. Electrode pads PD are pro-
vided on the interconnect layers 111. One end of the
interconnectlayer 111 is coupled to the contact plug CP1,
and the other end of the interconnect layer 111 is elec-
trically coupled to the electrode pad PD. In each block
BLK, the relationship of the arrangement between the
contact plug CP1, the interconnect layer 111, and the
electrode pad PD is the same as that in the first embod-
iment.

[0177] Next, the planar configuration of the memory
cellarray 11_1 will be described. Hereinafter, differences
from the planar configuration of the memory cell array
11_2 will be mainly described.

[0178] Asillustratedin FIG. 18, the configuration of the
cell portion is similar to thatin the memory cellarray 11_2.
A plurality of bit lines BLa are arranged side by side in
the X direction above the memory pillars MP. The bit line
BLa extends in the Y direction. The memory pillars MP
of each block BLK are each electrically coupled to any
of the bit lines BLa.

[0179] The WLSG coupling portion is provided at the
center portion of the memory cell array 11_1.

[0180] The WLSG coupling portion of each block BLK
includes a CP1 region and a CP2 region.

[0181] The configuration of the CP1 region is similar
to that in the memory cell array 11_2. For example, the
CP1 regions of the memory cell array 11_1 are arranged
above the CP1 regions of the memory cell array 11_2in
the Z direction.

[0182] The CP2region of each block BLK is, for exam-
ple, arranged side by side with the CP1 region in the X
direction. Therefore, the CP2 region of the block BLKO_1
and the CP2 region of the BLK1_1 are arranged at dif-
ferent positions in the X direction. In addition, the CP2
region of the block BLK2_1 and the CP2 region of the
block BLK3_1 are arranged at different positions in the
X direction.

[0183] The CP2 region is a region in which a plurality
of contact plugs CP2 are provided. The contact plugs
CP2 are electrically coupled with the contact plugs CP1
of the memory cell array 11_2 via the electrode pads PD
and the interconnect layers 111 of the array chip 10_2
described in FIG. 17.

[0184] In the example of FIG. 18, seven contact plugs
CP2_s,CP2-w0, CP2_w1,CP2_w2,CP2_w3, CP2_w4,
and CP2_d are arranged in this order in one CP2 region.
The seven contact plugs CP2 correspond to the respec-
tive seven contact plugs CP1 of the memory cell array
11_2.

[0185] Interconnect layers 111 are provided on the
contact plugs CP 1 and CP2. The contact plugs CP1_w0
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to CP1_w4, and CP1_d and CP1_s are respectively cou-
pledtothe contact plugs CP2_w0to CP2_w4,and CP2_d
and CP2_s of the adjacent block BLK via the interconnect
layers 111.

[0186] Electrode pads PD are provided on the inter-
connect layers 111 on the memory cell array 11_1.

2.3 Advantageous effects according to present embodi-
ment

[0187] With the configuration according to the present
embodiment, advantageous effects similar to those of
the first embodiment can be obtained.

3. Modifications and the like

[0188] According to above embodiment, a semicon-
ductor memory device includes: a first memory cell array
(11_1); a second memory cell array (11_2) arranged
above the first memory cell array in a first direction (Z
direction); a third memory cell array (11_3) arranged ad-
jacent to the first memory cell array in a second direction
(X direction) intersecting with the first direction; a fourth
memory cell array (11_4) arranged above the third mem-
ory cell array in the first direction and arranged adjacent
to the second memory cell array in the second direction;
a first word line (WLa) coupled to the first memory cell
array and the second memory cell array; a second word
line (WLb) coupled to the third memory cell array and the
fourth memory cell array; a first bit line (BLa) coupled to
the first memory cell array and the fourth memory cell
array; and a second bit line (BLb) coupled to the second
memory cell array and the third memory cell array.
[0189] By applying the above embodiment, it is possi-
ble to provide a semiconductor memory device capable
of suppressing an increase in the chip area.

[0190] Note that the embodiments are not limited to
the embodiments described above, and various modifi-
cations may be applicable.

[0191] Forexample,inthe above embodiments, acase
is described where the circuit chip 20 and the two array
chips 10_1 and 10 _2 are bonded. However, these con-
figurations may be formed on one semiconductor sub-
strate.

[0192] Furthermore, the "couple” in the above embod-
iments includes a state where coupling is indirectly made
by interposing, for example, other components such as
a transistor or a resistor between components to be cou-
pled.

[0193] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel devices and
methods described herein may be embodied in a variety
of other forms; furthermore, various omissions, substitu-
tions and changes in the form of the embodiments de-
scribed herein may be made without departing from the
spirit of the inventions. The accompanying claims and
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their equivalents are intended to cover such forms or
modifications as would fall within the scope and spirit of
the inventions.

Claims
1. A semiconductor memory device comprising:

a first memory cell array (11-1);

a second memory cell array (11-2) arranged
above the first memory cell array in a first direc-
tion (Z direction);

a third memory cell array (11-3) arranged adja-
cent to the first memory cell array in a second
direction (X direction) intersecting with the first
direction;

a fourth memory cell array (11-4) arranged
above the third memory cell array in the first di-
rection and arranged adjacent to the second
memory cell array in the second direction;

a first word line (WLa) coupled to the first mem-
ory cell array and the second memory cell array;
a second word line (WLb) coupled to the third
memory cell array and the fourth memory cell
array;

a first bit line (BLa) coupled to the first memory
cell array and the fourth memory cell array; and
a second bit line (BLb) coupled to the second
memory cell array and the third memory cell ar-
ray.

2. The semiconductor memory device according to
claim 1, further comprising:

a first selection gate line (SGDa) coupled to the
first memory cell array and the second memory
cell array; and
a second selection gate line (SGDb) coupled to
the third memory cell array and the fourth mem-
ory cell array.

3. The semiconductor memory device according to
claim 2, wherein

the first memory cell array includes:

a first memory cell (MC) coupled to the first
word line;

a first selection transistor (ST1) coupled to
the first selection gate line; and

a first semiconductor (123) extending in the
first direction, and coupled to the first mem-
ory cell and the first selection transistor,

the second memory cell array includes:

a second memory cell (MC) coupled to the
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first word line;

asecond selection transistor (ST1) coupled
to the first selection gate line; and

a second semiconductor (123) extending in
the first direction, and coupled to the second
memory cell and the second selection tran-
sistor,

the third memory cell array includes:

a third memory cell (MC) coupled to the sec-
ond word line;

a third selection transistor (ST1) coupled to
the second selection gate line; and

athird semiconductor (123) extendingin the
firstdirection, and coupled to the third mem-
ory cell and the third selection transistor,
and

the fourth memory cell array includes:

a fourth memory cell (MC) coupled to the
second word line;

a fourth selection transistor (ST1) coupled
to the second selection gate line; and

a fourth semiconductor (123) extending in
the first direction, and coupled to the fourth
memory cell and the fourth selection tran-
sistor.

The semiconductor memory device according to
claim 3, wherein

the first bit line is coupled to the first semicon-
ductor and the fourth semiconductor, and

the second bitline is coupled to the second sem-
iconductor and the third semiconductor.

The semiconductor memory device according to
claim 4, wherein

a coupling portion of the first bit line and the first
semiconductor is different from a coupling portion of
the first bit line and the fourth semiconductor in the
first direction.

The semiconductor memory device according to
claim 3, further comprising a source line (103),
wherein

the first bit line is coupled to one end of the first sem-
iconductor, and the source line is coupled to another
end of the first semiconductor.

The semiconductor memory device according to
claim 6, wherein

the source line is arranged between the first memory
cell and the second memory cell array in the first
direction.
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8.

10.

1.

12.

13.

34

The semiconductor memory device according to
claim 3, wherein

the first memory cell includes a charge storage layer
(121).

The semiconductor memory device according to
claim 3, wherein

the first memory cell and the second memory cell
are selected in a write operation.

The semiconductor memory device according to
claim 9, wherein

in the write operation, a voltage is applied to the first
word line, and no voltage is applied to the second
word line.

The semiconductor memory device according to
claim 3, wherein

the first memory cell array includes:

a first interconnect layer (102) included in
the first word line and coupled to the first
memory cell;

a contact plug (CP1) coupled to the first in-
terconnect layer;

a first region (cell portion) in which the first
memory cell is provided; and

a second region (WLSG coupling portion)
in which the contact plug is provided, and

the second region is provided at an end of the
first memory cell array.

The semiconductor memory device according to
claim 1, wherein

the first bit line is coupled to the first memory cell
array and the fourth memory cell array via a bit line
coupling portion provided between the second mem-
ory cell array and the fourth memory cell array.

The semiconductor memory device according to
claim 3, wherein

the first memory cell array further includes:

a fifth memory cell (MC) coupled to the first
word line;

a fifth selection transistor (ST1) coupled to
the first selection gate line;

a fifth semiconductor (123) extending in the
first direction, and coupled to the fifth mem-
ory cell and the fifth selection transistor;

a first interconnect layer (102) included in
the first word line and coupled to the first
memory cell and the fifth memory cell;

a contact plug (CP1) coupled to the first in-
terconnect layer;
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a first region (cell portion) in which the first the first memory cell array includes a first inter-
memory cell is provided; connectlayer (102) included in the first word line

a second region (WLSG coupling portion) and coupled to the first row decoder via the first

in which the contact plug is provided; and electrode pad and the fourth electrode pad, and

a third region (cell portion) in which the fifth 5 the second memory cell array includes a second
memory cell is provided, and interconnectlayer (102) included in the first word

line and coupled to the first row decoder via the

the second region is arranged between the first third electrode pad, the second electrode pad,
region and the third region. the contact plug, first electrode pad, and the

10 fourth electrode pad.

14. The semiconductor memory device according to
claim 1, further comprising:

afirstrow decoder (23a) coupled to the firstword
line; 15
a second row decoder (23b) coupled to the sec-

ond word line;

a first sense amplifier (24a) coupled to the first

bit line;

a second sense amplifier (24b) coupled to the 20
second bit line;

acircuit chip (20) including the first row decoder,

the second row decoder, the first sense ampli-

fier, and the second sense amplifier;

a first array chip (10_1) including the first mem- 25
ory cell array and the third memory cell array;

and

a second array chip (10_2) including the second
memory cell array and the fourth memory cell
array, wherein 30
the circuit chip, the first array chip, and the sec-

ond array chip are bonded in the first direction.

15. The semiconductor memory device according to
claim 14, wherein 35

the first array chip further includes:

afirst electrode pad (113) provided on a sur-
face bonded to the circuit chip; 40
a second electrode pad (115) provided on

a surface bonded to the second array chip;

and

a contact plug (CP2) coupling the first elec-
trode pad to the second electrode pad, 45

the second array chip further includes a third
electrode pad (113) thatis provided on a surface
bonded to the first array chip and is coupled to
the second electrode pad, and 50
the circuit chip further includes a fourth electrode
pad (210) that is provided on a surface bonded
to the first array chip and is coupled to the first
electrode pad.
55
16. The semiconductor memory device according to
claim 15, wherein
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